The safety of blood for transfusion depends, in part, on the reliability of the health history given by volunteer blood donors. To improve reliability, a pilot study evaluated the use of an interactive computer-based audiovisual donor interviewing system at a typical midwestern blood center in the United States. STUDY DESIGN AND METHODS: An interactive video screening system was tested in a community donor center environment on 395 volunteer blood donors. Of the donors using the system, 277 completed surveys regarding their acceptance of and opinions about the system. RESULTS: The study showed that an interactive computer-based audiovisual donor screening system was an effective means of conducting the donor health history. The majority of donors found the system understandable and favored the system over a face-to-face interview. Further, most donors indicated that they would be more likely to return if they were to be screened by such a system. CONCLUSION: Interactive computer-based audiovisual blood donor screening is useful and well accepted by donors; it may prevent a majority of errors and accidents that are reportable to the FDA; and it may contribute to increased safety and availability of the blood supply.
T he safety of the nation's blood supply depends primarily on the recruitment of low-risk donors and the effective testing of donated blood. Although estimated transfusion risks from known pathogens are extremely small, 1,2 risks remain when donations are made within the window period and if pathogens are present for which no tests exist. Minimizing these risks depends on the selection of donors whose demographic and personal behavior characteristics place them at low risk for blood-borne diseases. The effectiveness of current blood donor recruitment is evidenced by the low prevalence of known pathogens among first-time donors. Rates of confirmed-positive markers of blood-borne diseases among first-time donors range from 0.3 percent for HIV to 1.8 percent for HCV; these rates are much lower than those among the general population. [3] [4] [5] [6] Education, selective recruitment, and donor screening have been responsible for these low rates of infection, which have the additional benefit of reducing transfusion costs.
Three major improvements in transfusion safety have been made over the last 30 years: recruitment only of volunteer donors in the 1970s; verbal screening and testing of donors in the 1980s and 1990s; and imposition by the FDA in 1992 of strict adherence to good manufacturing practices in licensed blood establishments, including standardized questioning of blood donors regarding health-related risk factors. Clearly, the effectiveness of current screening methods depends upon the willingness of donors to respond truthfully to questions. Yet, when queried, a small percentage of donors lie about their own risky behavior. 7, 8 Thus, improving donor understanding of the substance of questions and increasing their willingness to respond truthfully remain unfinished tasks.
In 1992, the FDA sponsored a test of a computer-assisted, interactive, donor-screening procedure. 9 In spite of a flawed design, the study provided evidence of the benefits obtainable from computer-assisted systems for interactive donor screening. Other recent health-related surveys of risky personal behavior substantiated the hypothesis that, properly utilized, computer-assisted systems improve subjects' understanding of questions and increase the truthfulness of their responses.
In 1992, one of us (PDC) began developing a computerassisted system for health interviews of blood donors, to improve consistency and reduce or eliminate screening errors. In cooperation with a moderate-sized community blood center (Hoxworth Blood Center), a pilot study to test the effectiveness of the system and its acceptance by donors was initiated. The results of that study are presented here.
MATERIALS AND METHODS
The screening system
The system tested, designated the Hoxworth Quality Donor System (HQDS), consisted of software installed on either stand-alone desktop computers or portable personal computers (PCs) for use at fixed sites or on mobiles. The PCs were fitted with audio and video capabilities, including earphones and touch screens, respectively. Questions were presented in both audio and color video formats, and each question was accompanied by a picture of a Hoxworth staff member and depictions of the types of behavior or other factors related to each question. Figure 1 shows a typical screen. A series of touch boxes located beneath each screen permitted the donor to answer a question, to advance to the next question, or to return to the previous question; there was also a help box to summon a nurse.
The system visually presented results of each donor's response to every question for a nurse's review and printed a copy of the final responses, including free-form comments. The system also maintained a continuous record, called the Log, of every action taken by each donor and staff reviewer at every interview; this record included the time taken for each action. The system was installed in the main donor room of the blood center at a single station at which 397 random donors were requested to test the system; 395 chose to participate-the two refusals were due to the additional time required to complete the study process.
The postdonation survey
While 395 donors used the HQDS, because of staff omissions, only 277 were asked to respond to the written postdonation survey. Included in the survey questionnaire were four queries seeking the donors' opinions as to the clarity and understandability of the questions posed by the system, the time required by and acceptability of the system, and the likelihood of truthful responses to sensitive issues in a computer interview. Repeat donors were asked additional questions about their preference for the HQDS or the conventional nurse-administered interview system (NAIS), the understandability of questions posed by the two systems, and the likelihood that the donor will return if screened by one system or the other. Donors were asked to answer each question by using a system of scores from 1 to 5. Responses of 1 or 2 were considered favorable to HQDS, those of 4 or 5 to be favorable to NAIS (i.e., unfavorable to HQDS), and those of 3 to be neutral. In addition, all donors surveyed were invited to comment in writing on their experiences with the HQDS. A copy of the survey questionnaire is shown in Fig. 2 . 
RESULTS
The time required for a donor to complete the HQDS medical history, with full audio on all questions, as well as the consent form, and to wait for review, averaged 12 minutes, as compared with 5 minutes for the NAIS. A nurse's review of the HQDS required another 2 minutes. Results of the surveys, including analyses by demographic groups, are presented in Tables 1 and 2 .
Part A
Part A was to be completed by all donors. Although 95 percent of survey respondents were repeat donors, their answers reflected their opinions after their initial exposure to HQDS. Ninety-two percent found the system to be clear and understandable, and 95 percent felt comfortable with the process and the privacy provided. It was surprising that, although completion of the HDQS was more time-consuming than that of the NAIS, 64 percent were satisfied with the time required to complete the former. As shown in Table 2 , donors who owned or used computers found the time required to complete the HQDS to be somewhat less acceptable (61.4% satisfied) than did those who did not own or use computers (83.9% satisfied). Donors with a high school education were more satisfied with the time required (91.7%) than were those with a college (74%) or postgraduate (53.6%) education. Donors with a high school education (91.7%) were more convinced than were college graduates (68.3%) or postgraduates (61.8%) that donor responses to sensitive questions posed by computers were more 
The donor group
Respondents were predominately white (92.5%), college-or postgraduate-educated (91.3%), and more or less equally split between male and female; 94 percent were repeat donors. They were divided into three groups by age: 17 to 30 years old, 31 to 44 years old, and 45 or more. Written comments were received from 39 percent of respondents. Log data were available on the actions taken and times required by all donors.
Statistical evaluation
The statistical method used to analyze survey data was the chi-square procedure with 1 df. Chi-square and p values were determined mathematically by using the chi-square formula and statistical tables. likely to be truthful. Younger donors (77.8%) were more convinced of donor truthfulness in responses to a computer than were the two groups of older donors (64.0% and 64.5%).
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Chi-square analyses of differences in frequencies of donor responses to the four survey questions on Part A are shown in Table 3 . The frequencies of responses favorable to HQDS were significantly greater than those of unfavorable responses (p<0.001). In spite of relatively large percentage differences in favorable responses to the questions about truthfulness and time, only those between-group differences in responses to questions about time were significant. Computer nonusers found the additional time required by HQDS more acceptable than computer users, but the difference was just barely significant. Largely because of the small numbers in the groups (Table 4) , differences among donors with high school (8-12 years of school), college (13) (14) (15) (16) , and postgraduate (17+) education were significant.
Part B
Part B was to be completed by repeat donors only. The numbers of neutral responses by repeat donors to the three questions in Part B indicated that substantial numbers were indifferent to the relative merits of the two interviewing systems. However, 64 percent of responding repeat donors who stated a preference for one of the systems preferred the HQDS, and 90 percent found the HQDS more understandable (Table 1) . While most repeat donors stated they were equally likely to return whether or not a change from NAIS to HQDS was made, 80 percent of those with a preference indicated they were more likely to return after having been screened by HQDS. A few donors, primarily in the oldest and postgraduate-educated groups, stated they would be less likely to return, given a change from NAIS to HQDS (Table 2 ). Significant differences in favorable and unfavorable responses by repeat donors to the questions in Part B of HQDS were found between the youngest and the oldest donors on Question 1 (preference) and between college-and postgraduate-educated donors on Question 3 (likelihood of return), as shown on Table 4 . There was a significant difference in the frequencies of favorable and neutral responses on Question 3 by the college-and postgraduate-educated groups, with favorable frequencies of the latter group being significantly fewer and more neutral (analysis not shown). All other differences between favorable and unfavorable and favorable and neutral responses among the groups were not significant.
Information from the Log
Detailed information about the actions of the 395 donors who used the HQDS was captured automatically on the HQDS Log, and it reflected the following: the system was used mainly by repeat donors (94%) who changed only 82 (0.2%) of their initial answers during the interview. In the nurse-administered review that followed the interview, nurses changed 980 (6%) of the donors' initial answers. Questions accounting for most of the nurse-administered changes were those on medications; recent surgery, injections, or medications; prior refusal as a blood donor; international travel; and effectiveness of AIDS tests. A nurse's review of donors' answers required 539 referrals by nurses to 24 deferral codes. Physician care, medications, vaccinations or immunizations, malarial area travel or malaria medication, and prior deferral accounted for 85 percent of the donor deferrals.
DISCUSSION
The effectiveness of a health history interviewing system depends on its acceptance by and assistance to donors and its ability to protect both the safety and availability of blood. While the number of participants in the pilot study was small and while their characteristics were atypical of donors in general, the results of the study indicated that computerassisted donor interviewing could be effective. Study findings were consistent with those of other recent studies of the effectiveness of computer-assisted interviewing of subjects in situations where truthfulness and accuracy regarding risky behavior were of paramount importance.
Donor acceptance and assistance
Virtually all donors were comfortable with the HQDS and the privacy it provided. This is important, for privacy has been identified by many investigators as key to the retention of donors and to improving the truthfulness of their responses. 10, 11, [17] [18] [19] [20] The HQDS also assisted donor understanding of the interview questions in several ways: by video presentation reinforced with simultaneous private audio, a capability important to less literate donors 21, 22 ; a help option to summon a nurse for assistance; and a final comprehensive review of donor responses. While a majority of repeat donors found the HQDS and NAIS equally understandable, 43 percent found the questions more easily understood when presented by the HQDS.
To be effective, an interview system should be comfortable and easy to use without undue delay. 17 While the majority of repeat donors either preferred HQDS (41%) or were indifferent (36%), among the demographic groups, younger (48%) and less educated (64%) donors were more likely to prefer HQDS. The latter findings are reasonably consistent with those of a recent survey by Watanabe et al. 19 Almost twothirds of all donors studied were satisfied with the 14 minutes required to complete the interview; however, almost half of all written survey comments stated that the HQDS took an unnecessarily long time to complete. A 2-to 3-second audio version of the system is available and permitted by the FDA, which would reduce the time required almost to that needed for the NAIS.
Safety and availability
Donor health history interview systems affect the safety of the blood supply by promoting donor truthfulness, improving donor understanding of the questions, and reducing staff errors and omissions, with truthfulness being of paramount importance. Donors lie for various reasons, principally because they are seeking testing. Direct evidence of donor lying has been provided by Williams et al., 7 who found that approximately 2 percent of all donors withheld information on disqualifying behavioral and other risk factors. Mahl et al., 8 in a study of young German blood donors, reported similar findings, as did Locke et al. 11 in a 1992 study of American Red Cross donors, and an American Institute for Research study 9 in which computer-assisted interviewing was used first.
Most donors surveyed in our study believed that donors would be more likely to answer personal and sensitive questions truthfully if asked by a computer. Two recent donor surveys by Watanabe et al. 10, 19 reported that donors believe computer-assisted interviewing would elicit more truthful responses as to their risky behaviors, especially from young donors, test seekers, and first-time donors. Turner et al., 12 in a survey of male teenagers that employed risk-behavior questions similar to those asked blood donors, found answers obtained by computer-assisted interviewing to be 2 to 14 times more truthful than those obtained by a self-administered paper questionnaire. Other investigators have reported similar findings. 14, 15 The ability of computer-assisted interviewing to improve donor understanding of the questions was evidenced by the fact that 43 percent of repeat donors in the study found questions posed by the HQDS more understandable than those posed by the NAIS, whereas 5 percent found them less so.
The HQDS was designed to reduce staff errors and omissions. While the pilot study was too small to test this goal, no such events occurred during the study. Electronic discipline imposed by a computer-assisted system such as the HQDS does not permit staff errors and omissions to go uncorrected.
A donor health history interview system affects blood availability through its effect on the frequency of donor return. In the pilot study, while most repeat donors stated they were likely to donate again, whatever the system, 80 percent of the remaining one-third (27.2% of all repeat donors) stated they were more likely to donate again if the HQDS were used. This opinion was most strongly held by the younger and less educated repeat donors.
The pilot study demonstrated that a computer-assisted audiovisual self-interviewing system such as HQDS is an effective means of conducting the donor health history interview. While results of the pilot study were reassuring, a much larger study involving a more typical mix of donors is required to validate study findings. Such a study is now underway at three major blood centers supported by the National Heart, Lung, and Blood Institute.
